Knowledge of stillbirth recurrence risk is of clinical interest and may give etiological insight. The authors studied ''gestational age-'' and ''weight-by-gestation-specific'' stillbirth recurrence, and evaluated time trends in a populationbased cohort study from the Medical Birth Registry of Norway, from 1967 to 2004. Singleton births, including stillbirths from 20 weeks' gestation, were linked to their mothers by national identification numbers. Stillbirth rates in second pregnancies among mothers with (N ¼ 5,091) and without (N ¼ 562,057; the reference group) a stillbirth in first pregnancies were compared across 4 gestational age and 3 weight-by-gestation groups. A remarkable symmetric pattern of gestational age-specific recurrence of stillbirth was found, with highest odds of stillbirth in the same age group. The adjusted odds ratio values associated with preterm stillbirth recurrence were high, for example, 25.7 (95% confidence interval: 19.8, 33.3) for stillbirth at 20-27 weeks' gestation (73/1,511 vs. 1,021/ 562,057), while lower for term stillbirth: adjusted odds ratio ¼ 2.3 (95% confidence interval: 1.2, 4.7) (9/1,844 vs. 1,021/538,499). The proportion of second early stillbirths in the population attributable to previous early stillbirth was 6.4%, compared with 0.5% for second term stillbirth. Over time, recurrence of early stillbirth decreased, whereas that of mid/late stillbirth did not change significantly. A symmetric pattern of recurring stillbirth in similar weight-bygestation groups was not found.
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Women who have experienced a fetal loss are at increased risk for a recurrent loss in their next pregnancy compared with women with liveborn infants (1) (2) (3) . A previous study, using data from the Medical Birth Registry of Norway, found that recurrence risk was higher for early stillbirths (before 28 weeks of gestation) than for late (28 weeks and above) (4) , and this was confirmed in a study based on the Missouri maternally linked cohort data (5) . More detailed patterns of stillbirth recurrence could be studied by a further categorization of gestational age and weight by gestation.
Recurrence of stillbirth with similar gestational age in successive pregnancies is most likely due to recurring causes of stillbirth presenting at the same time in a next pregnancy. Several known causes of stillbirth have been shown to recur in pregnancies-for instance, placental abruption (6), preeclampsia (7, 8) , and birth defects (9) . Studies have also shown that women in general tend to repeat gestational age among their infants (10) (11) (12) . Causes of early and late stillbirths are found to differ (13, 14) , and studying patterns of recurrence may give etiological insight. Further, knowledge of gestational age-specific risk for stillbirth recurrence is of clinical interest in antenatal health care and counseling.
Stillbirth rates have decreased in recent decades, although to a lesser degree than neonatal mortality (14) (15) (16) . Whether time trends in stillbirth rates have influenced recurrence risk of stillbirth has to our knowledge not been reported.
Large numbers of births are necessary to study patterns of stillbirth recurrence. Based on compulsory notification, the Medical Birth Registry of Norway has since 1967 collected data on all livebirths and stillbirths from 16 weeks' gestation in the country (17) , by 2004 comprising nearly 2 million births. This database is sufficient to study time trends in both stillbirth rates and patterns of stillbirth recurrence. Because of the unique national identification number, births (including stillbirths) can be linked to their mothers, enabling analysis of stillbirth recurrence unbiased by maternal recall.
Our aim was to study ''gestational age-'' and ''weightby-gestation-specific'' recurrence of stillbirth, and particularly whether women with a fetal loss at a certain gestational age have increased risk for stillbirth with the same gestational age in their next pregnancy. We also studied time trends in the patterns of stillbirth recurrence over nearly 40 years.
MATERIALS AND METHODS
Population-based cohort study with maternally linked sibling data
The study was based on data from the Medical Birth Registry of Norway (17) . A standardized notification form collects data on demographic variables, maternal health before and during pregnancy, complications during pregnancy and delivery, and pregnancy outcomes, including vital status of the newborn and congenital anomalies. Data on ultrasound-based gestational age and maternal smoking habits have been available since 1999. The midwife and/or the physician attending the birth is responsible for completing the notification form.
In the present study, all successive births to a mother were linked by the national identification numbers, providing sibship files with the mother as the unit of analysis. In this way, data on successive pregnancies were collected prospectively. We included mothers with at least 2 singleton births with gestational age !20 weeks-altogether 574,311 mothers whose 2 first singleton births were registered in the time period 1967-2004. Among these, 568,315 mothers had a first livebirth, and 5,996 mothers had a first stillbirth, and this was the study population for overall stillbirth recurrence and trends. For weight-by-gestation analyses, we excluded mother-sibling units with missing birth weight: 112 (1.9%) first stillbirths, 662 (0.1%) first livebirths, 76 (2.0%) second stillbirths, and 591 (0.1%) second livebirths. Because of the uncertainty in the menstrual-based estimation, gestational age was validated by calculating birth weight z scores for each gestational week (18) , and we further excluded 7,163 (1.2%) mother-sibling units where 1 or both births had z scores (absolute values) greater than 3.5. The study population for analyses on weightby-gestation and gestational age-specific stillbirth recurrence was thus 567,148 mother-sibling units, where 562,057 mothers had a first livebirth and 5,091 mothers had a first stillbirth. We compared odds of stillbirth in second pregnancies between mothers with stillbirth in their first pregnancy and mothers whose first birth was liveborn.
Stillbirths were classified by their gestational age and birth weight-by-gestation. Gestational age was based on menstrual dates until 1998, after which it was based primarily on ultrasound estimations, and if these were missing, on menstrual dates (19) . We categorized gestational age into the following groups (completed weeks): 20-27, 28-32, 33-36, and 37-45. Birth weight-by-gestation was based on birth weight z scores (18) and grouped in 3 categories: below average (À3.5 to À0.5), average (À0.5 to 0.5), and above average (0.5 to 3.5).
To study the frequency distribution of certain risk factors among women with recurrent stillbirths compared with women with a first livebirth and a second stillbirth, women with recurrent stillbirths were grouped into 3 categories: any recurrent stillbirths, recurrent early stillbirths (20 to 27 weeks of gestation), and recurrent mid/late stillbirths (!28 weeks). The following factors were studied, based on status at time of first birth: maternal age, maternal marital status, maternal educational level, pregestational diabetes, preeclampsia, placental abruption, small for gestational age (SGA; z scores <À2), and major congenital anomalies.
To study time trends in stillbirth recurrence, we grouped year of first birth into 3 periods: 1967-1977, 1978-1989, and 1990-1998 , which allowed at least 6 years' follow-up time for second births to occur. Following a first stillbirth, the median interval to a second birth was 1.5 years, the 90th percentile was 4.4 years, and the 95th percentile 6.5 years.
The corresponding values following a livebirth were 3.0, 6.5, and 8.3, and we therefore believe that truncation bias should be minimal. For graphs and more detailed analyses of stillbirth rates over time, 5-year categories were used, and trends were tested by logistic regression analyses with time as a categorical variable. End of follow-up was June 2004.
Maternal age (first birth), maternal marital status (first birth), and maternal educational level were evaluated as confounding variables for the association between a first and a recurrent stillbirth. 
Statistical methods
In all analyses, odds ratios were close approximations to relative risk. When calculating gestational age-specific relative odds of stillbirth, women with a stillbirth in a given gestational age group in their first pregnancy were the exposed group, while women with a first livebirth were the unexposed (reference) group. We use ''relative odds associated with stillbirth recurrence'' as a shorthand for the relative odds of a second stillbirth in these 2 groups. Gestational age-specific odds of stillbirth in second pregnancies were calculated using the total number of ongoing pregnancies at the given gestational age as the denominator (fetuses-at-risk approach) (21) . When studying relative odds associated with weight-by-gestation-specific stillbirth recurrence, the exposed group was women with a first stillbirth in a given z-score category. We used contingency tables to calculate crude odds ratios, and we used logistic regression analyses to adjust for confounders. All significance tests were 2-sided. Statistical analyses were performed with SPSS for Windows, release 15 (SPSS Inc., Chicago, Illinois).
RESULTS
Within our analysis sample there were 5,996 first (10.4 per thousand) and 3,729 second (6.5 per thousand) stillbirths overall. During the 38-year observation period, the overall stillbirth rate decreased significantly (P < 0.001, Wald test), although during the last 10 years, the rate among first siblings increased slightly (Figure 1 ). Secular trends in gestational age-specific stillbirth rates showed the largest reduction for firstborn term stillbirths (Figure 2) , from 6.6 per thousand in 1967 to around 2.0 per thousand in the mid1990s (P < 0.0001, Wald test), followed by a slight increase (P ¼ 0.005, Wald test) during the last 10 years.
Among women with a stillbirth in their first pregnancy, 222 (37.0 per thousand) experienced a recurrent second stillbirth compared with 3,507 (6.2 per thousand) with a first livebirth. The overall relative odds (i.e., odds ratio) associated with stillbirth recurrence was thus 6.2 (95% confidence interval (CI): 5.4, 7.1). The relative odds associated with early (20-27 weeks) stillbirth recurrence, odds ratio ¼ 27.9 (95% CI: 21.9, 35.6), was considerably higher than that associated with mid/late (!28 weeks) stillbirth recurrence, odds ratio ¼ 4.2 (95% CI: 3.2, 5.5). Table 1 shows the frequency distribution of demographic variables and selected obstetric risk factors in first births to women with first livebirths and second stillbirths (reference group) and women with any recurrent stillbirths, recurrent early stillbirths, and recurrent mid/late stillbirths. High maternal age, low education, pregestational diabetes, preeclampsia, placental abruption, SGA, and major congenital anomalies were significantly more frequent in first births among those with recurrent stillbirths and particularly recurrent mid/late stillbirths. Among women with recurrent mid/late stillbirths, the following obstetric risk factors recurred in the second stillbirth: preeclampsia (6 of 12; a total of 11.1% of the recurrent mid/late stillbirths), SGA (12 of 22; a total of 22.2%), placental abruption (4 of 6; a total of 7.4%), and major congenital anomalies (3 of 5; a total of 5.6% of the recurrent mid/late stillbirths). Table 2 shows gestational age-specific relative odds associated with recurrent stillbirth: After a first stillbirth in any gestational age group, and compared with women with a first livebirth, the highest relative odds were found in the same age group. Women whose first birth was an early stillbirth (20 to 27 weeks) did not have significantly higher odds of a moderately preterm/term stillbirth (!33 weeks) than women with a first livebirth. Similarly, women whose first birth was a term stillbirth did not have higher odds of stillbirth below 33 weeks in their second pregnancy than women with a first livebirth. In all the preterm age groups, the relative odds associated with recurrent stillbirth in the same age groups were very high (adjusted odds ratios above 10), whereas that associated with recurrent term stillbirth was moderate (adjusted odds ratio ¼ 2.3). Stillbirths occurring before labor may have different causes than those occurring during labor. We therefore divided the stillbirths into antenatal and intrapartum stillbirths and repeated analyses, using only 3 categories of gestational age because of small numbers (20-27, 28-36, 37-45 weeks). The highest relative odds associated with stillbirth recurrence were in the same age groups for both. However, intrapartum stillbirth recurrence was rare and present for only early and term stillbirths; adjusted odds ratios ¼ 44.4 (95% CI: 14.0, 140.8) and 13.0 (95% CI: 1.8, 93.9), respectively. The timing of stillbirth was unspecified for around 35% of early stillbirths, 23% of stillbirths at 28 to 36 weeks, and 21% of term stillbirths. When grouping unspecified together with intrapartum stillbirths, the patterns were quite similar to the overall results. The magnitudes of the adjusted odds ratios were also quite close to the overall results for both antenatal and intrapartum/unspecified stillbirth, and the highest point estimate was that associated with recurrence of early intrapartum/unspecified stillbirths; adjusted odds ratio ¼ 29.3 (95% CI: 18.6, 46.1).
Although the relative odds associated with recurrent stillbirth in the preterm age groups were high, the proportion of second preterm stillbirths in the population that could be attributed to a previous stillbirth in the same age group was only moderate. For instance, the proportion of ''exposed'' early second stillbirths (born after an early first stillbirth) that could be attributed to ''exposure'' was 96.4%, while 6.7% (73/1,094) of early second stillbirths in the population were ''exposed.'' Thus, 6.4% of early second stillbirths in the population could be attributed to a previous early stillbirth (22) . Only 0.5% of term second stillbirths in the population could be attributed to a previous term stillbirth (0.9% term second stillbirths were ''exposed,'' while the attributable proportion for the exposed was 61.3%). In contrast to the gestational age-specific pattern, the relative odds associated with weight-by-gestation-specific stillbirth recurrence was more equal across the different groups, with relative odds in the range of 3 to 7 (results not shown). There was one exception: Women whose first stillbirth had z scores between 0.5 and 3.5 had close to 20 times higher odds than women with a first livebirth to experience a second stillbirth in this group (adjusted odds ratio ¼ 18.8, 95% CI: 9.2, 38.0). There were 8 women who experienced 2 successive stillbirths with above-average growth: 3 of these were recurring early stillbirths (20 to 27 weeks), and 3 were recurring mid/late stillbirths. One of the mothers had pregestational diabetes, and 2 experienced placental abruption in the second pregnancy.
In spite of the decrease in overall stillbirth rate over time, the relative odds associated with stillbirth recurrence did not decrease significantly during the observation period (Table 3) . However, for recurrence of a stillbirth in the same gestational age group, diverging secular trends were observed: The adjusted odds ratio associated with early stillbirth recurrence decreased significantly from 33 in the first period to 11 in the last period (P value for interaction ¼ 0.05, Wald test), while mid/late stillbirth recurrence did not decrease significantly, although odds ratio estimates were considerably lower.
DISCUSSION
It is well known that women with a stillbirth in their first pregnancy have an increased risk for stillbirth in their next pregnancy compared with women with a first livebirth (1, 3-5, 23), although in some small studies addressing unexplained stillbirths, this has not been confirmed (24, 25) . In the present study, we found that the increased risk for recurrence was due mostly to a tendency to repeat a stillbirth with similar gestational age as the first stillbirth.
This population-based cohort study has several strengths. It is based on compulsory notification of all births in Norway from 16 weeks of gestation, including stillbirths, which reduces selection bias to a minimum. Data on successive pregnancies are collected prospectively, avoiding recall bias for previous pregnancy outcomes. The large study size allowed us to examine stillbirths across several gestational age and weight-by-gestation categories, with adequate numbers to assess recurrences. The standardized data collection over nearly 40 years enabled us to study time trends. The notification of stillbirths to the Registry is believed to be good, except for the late abortions, where notification has improved over time (15) . The Medical Birth Registry and the Central Population Registry, with civil registration of births, are routinely linked, allowing detection of missing notification to the Birth Registry. Missing notification is actively sought at the birth clinics, including reminders of possible missing stillbirth notification. Limitations include the uncertainty of gestational age estimation when based on menstrual dates. We therefore screened the gestational age data for obviously incorrect values by means of the registered birth weight, which has higher precision and validity (18) . Further, after 1999, gestational age was based primarily on ultrasound estimations, which are believed to be more precise, and, if missing, on menstrual dates. However, as the gestational age distribution is shifted slightly to the left when based on ultrasound instead of menstrual dates (19) , all analyses were also done with menstrual dates as the primary estimation basis throughout, and results were basically unchanged.
Gestational age-specific stillbirth recurrence
We found a remarkable symmetric gestational agespecific pattern, showing the highest stillbirth recurrence in similar age groups. The relative odds associated with recurrence of stillbirth in the same age groups were high, especially in the preterm groups, while there was considerably lower recurrence of a second stillbirth in another age group. Women experiencing a first stillbirth at any of the endpoints of the gestational age range (lowest or highest groups) did not have significantly increased odds of a stillbirth at the other endpoint in their next pregnancy relative to women with a first livebirth. These results may be useful for clinicians in risk assessment and counseling.
The concordance in gestational age-specific stillbirth recurrence has been reported earlier (4, 5, 23, 26) , but, in these studies, only 2 gestational age groups were used (early and late stillbirth). The present study suggests a continuous pattern. This specific pattern of recurrence may be related to the tendency among women to repeat pregnancy outcomes-such as causes of stillbirth, like placental abruption (6), preeclampsia (7, 8) , and birth defects (9)-but also to the tendency in women to repeat gestational age among their infants (10) (11) (12) . Thus, the described pattern of gestational age-specific recurrence in stillbirth may be due to recurring pathological conditions combined with the tendency among women to deliver at similar gestational lengths (10, 11) . For women with recurrent mid/late stillbirth, the studied obstetric risk factors recurred in nearly 40% of the cases, combined ( Table 1) .
The very high relative odds associated with recurrent stillbirth at low gestational ages are in agreement with other studies (4, 5) . These high relative odds may indicate genetic factors, in addition to or interacting with persistent environmental factors (27) . Possible genetic factors include the different genetic thrombophilias (e.g., factor V Leiden, antithrombin, protein S and C deficiency) that are known to be associated with increased risk for stillbirth (28, 29) . Single gene disorders resulting in metabolic diseases are also associated with increased risk for pregnancy loss (30) . Among the risk factors analyzed, none were associated closer with recurrent early than recurrent mid/late stillbirth. However, most of the factors studied represented conditions that occur at higher gestational ages, such as preeclampsia and SGA. A limitation of the present study was the lack of good data on causes of early stillbirth, and we could therefore not evaluate whether these causes showed a tendency to recur.
Causes of antenatal and intrapartum stillbirths may differ; further, the timing of stillbirth is probably better ascertained for intrapartum stillbirths than for those occurring before labor. Intrapartum stillbirth recurrence was rare but, when present, was found in same-age groups. When combining ''intrapartum'' and ''unspecified timing,'' we found the same patterns of concordance in gestational age-specific stillbirth recurrence for both antenatal and intrapartum/ unspecified stillbirth as for stillbirth overall, which indicates that the timing of stillbirth is an important and recurring factor across different causes.
Weight-by-gestation-specific stillbirth recurrence When analyzing stillbirth recurrence based on weight by gestation, we did not find a similarly symmetric recurrence pattern. Women with a first stillbirth had 3 to 7 times increased odds of a second stillbirth compared with women with a first livebirth, independent of z-score category. The exception was women whose first stillbirth was aboveaverage weight by gestation, who experienced significantly higher odds of a next stillbirth in the same rather than any other group. A problem with the weight-by-gestation analyses is that weight of stillbirths (especially when small) can be inaccurate, as the death may have occurred days before birth. All the same, we find the contrast between the gestational age pattern and the weight-by-gestation pattern interesting.
Time trends
Time trends found in stillbirth rates may reflect true time trends or differences in reporting stillbirths to the registry.
Increasing trends have been found for late abortions (16 to 20 weeks), probably explained by increasing ascertainment (15) , and these births were therefore not included in the present study. On the other hand, we consider the increasing rate found for firstborn term stillbirths during the last years as true, since similar trends are reported from other populations (16) . The increase may be attributed partly to increasing maternal age at birth, increasing use of assisted reproduction techniques, and increasing problems of obesity among pregnant women (16) .
Time trend analyses showed that the relative odds associated with early stillbirth recurrence decreased over time, although still high in the last time period. The decrease may be due to increased surveillance in subsequent pregnancies after stillbirth, as well as the possibility of a planned delivery of the second infant when fetal lung maturation is satisfactory (23) . However, relative odds associated with mid/late stillbirth recurrence did not decrease significantly over time, although they were considerably lower.
In conclusion, we found a remarkable symmetric pattern of gestational age-specific stillbirth recurrence, in which women with a stillbirth in their first pregnancy had the highest risk for repeating a stillbirth with the same gestational age in their next pregnancy relative to women with a first liveborn. The same specific recurrence pattern was not found for weight by gestation. Recurrence of early stillbirth decreased throughout the time period of the study, while there was no significant decrease in recurrence of mid/late stillbirth.
